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Abstract
Different studies have reported the prevalence of Salmonella in turtles and its role in reptile-associated salmonellosis
in humans, but there is a lack of scientific literature related with the epidemiology of Campylobacter in turtles. The
aim of this study was to evaluate the prevalence of Campylobacter and Salmonella in free-living native (Emys
orbicularis, n=83) and exotic (Trachemys scripta elegans, n=117) turtles from 11 natural ponds in Eastern Spain. In
addition, different types of samples (cloacal swabs, intestinal content and water from Turtle containers) were
compared. Regardless of the turtle species, natural ponds where individuals were captured and the type of sample
taken, Campylobacter was not detected. Salmonella was isolated in similar proportions in native (8.0±3.1%) and
exotic (15.0±3.3%) turtles (p=0.189). The prevalence of Salmonella positive turtles was associated with the natural
ponds where animals were captured. Captured turtles from 8 of the 11 natural ponds were positive, ranged between
3.0±3.1% and 60.0±11.0%. Serotyping revealed 8 different serovars among four Salmonella enterica subspecies: S.
enterica subsp. enterica (n = 21), S. enterica subsp. salamae (n = 2), S. enterica subsp. diarizonae (n = 3), and S.
enterica subsp. houtenae (n = 1). Two serovars were predominant: S. Thompson (n=16) and S. typhimurium (n=3).
In addition, there was an effect of sample type on Salmonella detection. The highest isolation of Salmonella was
obtained from intestinal content samples (12.0±3.0%), while lower percentages were found for water from the
containers and cloacal swabs (8.0±2.5% and 3.0±1.5%, respectively). Our results imply that free-living turtles are a
risk factor for Salmonella transmission, but do not seem to be a reservoir for Campylobacter. We therefore rule out
turtles as a risk factor for human campylobacteriosis. Nevertheless, further studies should be undertaken in other
countries to confirm these results.
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Introduction
Campylobacteriosis and salmonellosis are the two most
prevalent zoonoses worldwide [1]. These zoonoses represent
an important public health problem and controlling the disease
has become a vital challenge in most countries [1–7].
Campylobacteriosis and salmonellosis were responsible
respectively for 212,064 and 99,020 cases of illnesses in the
EU [1]. Moreover, campylobacteriosis is the most common
cause of acute bacterial gastroenteritis in the EU [1,8,9].
Apart from acute gastroenteritis, campylobacteriosis may
lead to more severe, occasionally long-term sequelae such as
Guillain–Barré syndrome, reactive arthritis and irritable bowel
syndrome [10,11]. The high and rapidly increasing incidence
and the capacity of Campylobacter to cause considerable
morbidity make campylobacteriosis a public health problem of
considerable magnitude [2]. However, compared to
Salmonella, few outbreaks are reported, and most cases of
campylobacteriosis are considered to be “sporadic” rather than
a part of recognised outbreaks, with a seasonal peak during
summer [12].
Campylobacter are commensally widespread in the
intestines of wild and domesticated animals, resulting in
contamination of the environment, including water sources [13].
Although Campylobacter is mostly perceived as a food-borne
pathogen, there is evidence for other transmission pathways,
including direct and indirect contact with infected animals,
people and environment [2,14–17]. In recent years, the
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popularity and number of exotic reptiles kept as pets has risen,
leading to an increase in the number of reptile-associated
zoonotic pathogens infections, especially in vulnerable patients
such as infants, young children, the elderly or
immunocompromised adults [18–23]. In this way, turtles
represent a special risk, as they are commonly kept as pets for
children [24]. Similar to Campylobacter, Salmonella infections
are caused by consumption of contaminated food, person-to-
person transmission, waterborne transmission and numerous
environmental and animal exposures [25]. Specifically, reptiles
and other coldblooded animals (often referred to as ‘exotic
pets’) can act as reservoirs of Salmonella, and cases of
infection have been associated with direct or indirect contact
with these animals [3]. Trachemys scripta elegans is the most
common pet turtle worldwide and has been identified as an
important source of infection in human cases and outbreaks of
salmonellosis since 1963 [26–37]. For this reason, the
epidemiology of pathogenic microorganisms in free-living and
pet turtles has been studied [7,24,38–40]. In particular, results
from these studies have shown that the incidence of
Salmonella in pet turtles ranged from 0% to 72.2% [5,39,41,42]
and from 0% to 15.4% in free-living turtles [39,43–47]. To our
knowledge, no prevalence studies of Campylobacter in pet and
free-living turtles have been carried out.
In this context the aim of this study was to assess the
prevalence of Campylobacter and Salmonella in free-living
native (Emys orbicularis) and exotic turtles (Trachemys scripta
elegans) located in 11 natural pond areas in Eastern Spain
(Valencia Region). Additionally, we assessed the relative
sensitivity of different sample types (cloacal swabs, intestinal
content and water from containers) to estimate Salmonella
prevalence in turtles.
Material and Methods
The Ethics and Animal Welfare Committee of the
Universidad CEU Cardenal Herrera approved this study. All
animals were handled according to the principles of animal
care published by Spanish Royal Decree 1201/2005 (BOE,
2005; BOE = Official Spanish State Gazette). The Conselleria
de Infraestructuras, Territorio y Medio ambiente (regional
administration) gave permission to take samples. This project
is included in the LIFE + Biodiversity section, which aims to
develop innovative projects or demonstrations that contribute to
the implementation of the objectives of the Commission
communication (COM (2006) 216 final) "Halting the loss of
Biodiversity for 2010- and beyond.”
During the period between July and October 2012, 200 free-
living turtles were captured from 11 natural ponds in Eastern
Spain (Pego-Oliva, Almenara, Castellón, Xeraco, Peñíscola,
Villanueva de Alcolea, Pobla Tornesa, Cabanes, Vaca River,
Moros and La Safor). After capture, each individual was
housed singly in a plastic container with 2 litres of sterile water
to prevent bacterial transmission among them. As bacteria
excretion is not continuous, water samples were taken after
two days in captivity. This study was undertaken within the
framework of an eradication programme for exotic turtles.
Therefore, native turtles were returned to their habitat after
sampling, while exotic turtles were euthanised by sodium
pentobarbital injection before taking the samples (Dolethal,
Vétoquinol, E.V.S.A).
For each individual, two cloacal samples were taken using
sterile cotton swabs (Cary Blair sterile transport swabs,
DELTALAB®). After 2 days in the container, two water samples
from plastic containers were collected. Each sample was
analysed for Campylobacter and for Salmonella isolation. For
exotic turtles, after euthanisation 2 cm of large intestine were
collected and the content was homogenised.
Detection of Campylobacter spp
The procedure was based on ISO 10272:2006
recommendations (Annex E). Intestinal content and swabs
were directly streaked onto the two selective agar plates
(mCCDA and Preston, AES laboratories®, Bruz Cedex,
France) and incubated at 41.5±1°C for 44±4 hours. Water
samples were pre-enriched in 1: 10 vol/vol Bolton Broth
(OXOID, Dardilly, France) and then pre-incubated at 37±1°C for
5±1hours. Afterwards, 100 µl of the sample was cultured on the
two selective agar plates as described above. All plates and
broths were incubated in a micro-aerobic atmosphere (84% N2,
10% CO2 and 6% O2) generated in a gas charged incubator
(CampyGen, Oxoid). Plates were examined for grey, flat,
irregular and spreading colonies typical of Campylobacter. One
putative colony was subcultured from each plate onto sheep
blood agar for confirmation as Campylobacter spp.
Campylobacter confirmation was performed by a mobility test
using a dark field microscope, by oxidase and catalase
biochemical test and by streaking at different temperatures and
atmospheres on Columbia blood agar (AES Laboratories ®,
Bruz Cedex, France). Finally, characterisation of the bacteria
species was done with a hippurate hydrolysis test.
Detection of Salmonella spp
The procedure was based on ISO 6579: 2002
recommendations (Annex D). Samples were pre-enriched in 1:
10 vol/vol Buffered Peptone Water 2.5% (BPW, Scharlau®,
Barcelona, Spain) and then incubated at 37±1°C for 18±2
hours. The pre-enriched samples were transferred onto Semi-
Solid Modification Rappaport Vassiliadis agar plate (MSRV,
Difco®, Valencia, Spain) and incubated at 41.5±1°C for 24-48
hours. The culture obtained in MSRV was inoculated onto
Xylose-Lysine-Desoxycholate (XLD, Liofilchem®, Valencia,
Spain) and Xylose-Lysine-Tergitol-4 (XLT4, Biokar
Diagnostics®, Pantin Cedex, France) and incubated at 37±1°C
for 24-48 hours. After incubation, 5 typical colonies were
streaked onto the surface of pre-dried nutrient agar plates
(Scharlab®, Barcelona, Spain) 37±1°C for 24±3 hours. Then, a
biochemical test using API (API-20®, bioMérieux, Madrid,
Spain) was performed to confirm Salmonella spp. Moreover,
Salmonella strains isolated were serotyped by the Ministry of
Agriculture, Fisheries and Food Reference Laboratory (Algete,
Madrid, Spain) in accordance with Kauffman-White-Le-Minor
technique.
Campylobacter & Salmonella in Turtles
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Statistical analyses
A generalised linear model, which assumed a binomial
distribution for Salmonella shedding, was fitted to the data to
determine whether there was an association with turtle species
(native and exotic), natural ponds where turtles were captured
(Pego-Oliva, Almenara, Castellón, Xeraco, Peñíscola,
Villanueva de Alcolea, Pobla Tornesa, Cabanes, Vaca river,
Moros and La Safor) and sample type (cloacal swabs, intestinal
content and water from the containers). A P value of less than
0.05 was considered to indicate a statistically significant
difference. Data are presented as least squares means ±
standard error of the least squares means. All statistical
analyses were carried out using a commercially available
software program (SPSS 16.0 software package; SPSS Inc.,
Chicago, Illinois, USA, 2002).
Results
For Campylobacter isolation, overall 517 samples were
analysed; 200 samples were from water containers (117 from
exotic and 83 from native turtles), 200 from cloacal swabs (117
from exotic and 83 from native turtles) and 117 from intestinal
content (only from exotic turtles). Regardless of the turtle
species captured, the natural pond where animals were
captured and the sample type (water from the container,
cloacal swabs and intestinal content), Campylobacter was not
detected.
For Salmonella isolation, overall 517 samples were
examined; 200 samples were from water from the container
(117 from exotic and 83 from native turtles), 200 from cloacal
swab (117 from exotic and 83 from native turtles) and 117 from
intestinal content (only from exotic turtles). Independently of the
species of turtle analysed, 11.0±2.3% of the turtles tested
positive. Moreover, of the exotic turtles sampled and the native
turtles sampled, 15.0±3.3% and 8.0±3.1% were positive,
respectively. No significant differences were found between the
percentage of Salmonella and the turtle species studied.
Salmonella was detected in exotic and native turtles from eight
natural ponds investigated (Table 1). In positive natural ponds
significant differences were found. The mean prevalence of
Salmonella was 16.2±4.6% (ranged between 3.0±3.1% to
60.0±11.0%). In the natural ponds of Cabanes, Pobla Tornesa
and Xeraco, Salmonella was not isolated.
The serovars isolated in native free-living turtles did not
coincide with those isolated in exotic free-living turtles, except
for S. Thompson. Serotyping revealed 8 different serovars
among four Salmonella enterica subspecies (Table 2); S.
enterica subsp. enterica (n = 21, 77.7%), S. enterica subsp.
salamae (n = 2, 7.4%), S. enterica subsp. diarizonae (n = 3,
11.1%), and S. enterica subsp. houtenae (n = 1, 3.7%). No
more than one serovar was isolated per individual. The most
prevalent serovars isolated were S. Thompson (n=16, 59.2%)
and S. Typhimurium (n=3, 11.1%).
Significant differences for Salmonella detection were found
among the different type of samples collected (Table 3). The
highest isolation of Salmonella was obtained from intestinal
content samples (12.0±3.0%), while for water from the
containers and cloacal swabs lower percentages were found
(8.0±2.5% and 3.0±1.5%, respectively).
Discussion
Symptoms of Campylobacter (fever, abdominal cramps and
diarrhoea) are clinically indistinguishable from those of
bacterial gastroenteritis caused by other organisms, such as
Salmonella or Shigella species [48,49]. Pet turtles are
considered an important reservoir for Salmonella [39,46,50]
and we tested the hypothesis that free-living turtles would also
Table 1. Percentage of Salmonella-positive turtles from
different natural ponds.
Natural pond n Salmonella (%)
Peñíscola 20 10.0±6.7a
Moro 16 6.0±6.1a
Vaca river 22 5.0 ±4.4a
La Safer 24 8.0 ±5.6a
Almenara 20 60.0±11.0b
Pego-Oliva 22 3.0 ±3.1a
Castellón 17 24.0±10.3a
Villanueva de Alcolea 7 14.0 ±13.2a
n: number of samples tested. a, b: Different superscripts represent significant
differences(P≤0.05). Data are presented as least squares means ± standard error
of the least squares means.
Table 2. Salmonella serovars isolated from native and
exotic free-living turtles.
Turtle specie n Subspecies Serovar
Native Emys orbicularis 2 enterica Thompson
 2 enterica Baildon
 1 salamae 4,12:b[-]
 1 salamae 17:b[e,n,x,z]
 2 diarizonae 16:1,v[1,5,7]
Exotic Trachemys scripta elegans 3 enterica Typhimurium
 14 enterica Thompson
 1 houtenae 44:z4,z23: -
 1 diarizonae 38:1,v:z35
n: number of strains isolated
Table 3. Percentages of Salmonella spp. detection for the
different types of samples analysed.
Sample type N Salmonella (%)
Intestine 117 12.0±3.0a
Water from container 200 8.0±2.5ab
Cloacal swabs 200 3.0±1.5b
n: number of samples tested. a, b: Different superscripts represent significant
differences(P≤0.05). Data are presented as least squares means ± standard error
of the least squares means.
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be an important reservoir for Campylobacter. Members of the
Campylobacter genus naturally colonise humans, farm
animals, wild mammals, birds, reptiles and shellfish [51].
However, to date only two reports identify Campylobacter
foetus of turtle origin as a human pathogen [38,52]. In the
present study, Campylobacter was not detected. As for
Salmonella isolation, Campylobacter detection is likely to be
highly dependent on the choice of an adequate sampling
procedure combined with a sensitive culture method [53,54].
However, direct plating of faecal samples has been shown to
yield the best isolation efficiency for detection of
Campylobacter [54,55]. One possible explanation for the lack
of detectable Campylobacter from cloacal swabs is a lack of
appreciable faecal material. Nevertheless, in our study neither
cloacal swabs nor intestinal content were positive. Although
molecular methods (PCR and qPCR) have several advantages
over classical bacteriology for Campylobacter detection, a high
level of agreement between both methods has been reported,
especially with faecal samples [54,56]. Nevertheless, if
Campylobacter had been present, it seems highly unlikely that
the bacteria would not have been isolated in any of the
samples analysed. Thus, our results show that free-living
turtles appear not to be a reservoir for Campylobacter and we
therefore rule out turtles as a risk factor for human
campylobacteriosis.
The prevalence of Salmonella detected in this study among
free-living Valencian turtles was moderate (11.0±2.3%) and
consistent with those of other studies [39,47,57]. To our best
knowledge, few studies on the prevalence of Salmonella in
free-living turtles have been carried out in Spain [39,46,50].
However, contradictory results are present in the literature,
since some authors revealed low prevalence of Salmonella in
free-living turtles [39,43,45,57–59], while other authors
reported a medium and high prevalence [42,50,60,61]. Free-
living turtles are believed to shed Salmonella at lower rates
than captive turtles because they are less or not even exposed
to stress factors that increase shedding rates, or because they
are not natural carriers of the bacteria [45,58,62]. However, for
other authors free-living turtles are considered an important
reservoir for Salmonella [46].
The serovar most frequently identified was S. Thompson,
isolated in both exotic and native turtles. S. Baildon 9,46: a: [e,
n, x], S. 4,12: b: [-], S. 17: b: [e, n, x] and S. 16,1, v [1,5,7] were
also isolated in native turtles whereas S. Typhimurium, S. 44:
z4,x23: [-] and S. 38:1, v: z35 were identified in the exotic ones.
All serovars identified have previously been reported in reptiles
and have been associated with human salmonellosis [63–68].
Although many of these serovars may be considered as types
rarely associated with human disease, 10% or more of isolates
belong to subsp. enterica, which comprises potential human
pathogens, e.g. S. Typhimurium. This is, together with S.
Enteritidis, one of the most frequently reported serovar involved
in human salmonellosis [1,35]. The infections in reptiles are
usually asymptomatic, although clinical salmonellosis in reptiles
has been reported with the following symptoms: septicaemia,
salpingitis, dermatitis, osteomyelitis and granulomatous
disease [69]. In addition, Salmonella subsp. houtenae has
been recently associated as a cause of meningitis in a child
[63].
In the cloaca of turtles, the presence of Salmonella was
lower than in the intestinal content. The lower recovery of
Salmonella from cloacal swabs was probably due to wild turtles
shedding Salmonella at lower rates because they are less
stressed, as mentioned above [45,58,62]. Cloacal swabs
appeared to be less sensitive than faecal samples [70]. As
Salmonella excretion is not continuous [39], in our study turtles
were kept for two days in water containers to increase
shedding rates. As expected, analyses also indicated that
stress increased shedding of Salmonella. Specifically, keeping
the turtles for 48 hours in containers could increase the
sensitivity of water samples, as suggested by our findings. For
this reason, this sampling method may be applied in further
studies to determine the prevalence of Salmonella in turtles.
This study showed free-living turtles as a risk factor for
Salmonella infection, but our findings also indicate that free-
living turtles appear not to be a reservoir for Campylobacter
and we therefore discard the turtles as a risk factor for human
campylobacteriosis. To our best knowledge, this is the first
study in which campylobacteriosis is investigated in relation to
free-living turtles as a possible reservoir. Nevertheless, further
studies should be undertaken in other countries to confirm
these results.
Author Contributions
Conceived and designed the experiments: CM SV. Performed
the experiments: SIC SGB CM. Analyzed the data: FMJ CM.
Contributed reagents/materials/analysis tools: SIC SGB CM.
Wrote the manuscript: CM SIC FMJ.
References
1. EFSA (2012) European Food Safety Authority. The European Union
Summary Report on Trends and Sources of Zoonoses, Zoonotic
Agents and Food-borne Outbreaks in 2010. EFSA J 10: 2597.
2. Kapperud G, Espeland G, Wahl E, Walde A, Herikstad H et al. (2003)
Factors associated with increased and decreased risk of
Campylobacter infection: a prospective case-control study in Norway.
Am J Epidemiol 158: 234-242. doi:10.1093/aje/kwg139. PubMed:
12882945.
3. Mermin J, Hutwagner L, Vugia D, Shallow S, Daily P et al. (2004)
Reptiles, amphibians, and human Salmonella infection: a population-
based, case-control study. Clin Infect Dis 38: 253-261. doi:
10.1086/381594. PubMed: 15095197.
4. de Jong B, Andersson Y, Ekdahl K (2005) Effect of regulation and
education on reptile-associated salmonellosis. Emerg Infect Dis 11:
398-403. doi:10.3201/eid1103.040694. PubMed: 15757554.
5. Nakadai A, Kuroki T, Kato Y, Suzuki R, Yamai S et al. (2005)
Prevalence of Salmonella spp. in pet reptiles in Japan. J Vet Med Sci
67: 97-101. doi:10.1292/jvms.67.97. PubMed: 15699603.
6. FAO/WHO (2009) Technical Meeting on Salmonella and
Campylobacter in chicken meat. 4-8 May 2009. Rome, Italy.
7. Lafuente S, Bellido JB, Moraga FA, Herrera S, Yagüe A et al. (2013)
Salmonella paratyphi B and Salmonella litchfield outbreaks associated
with pet turtle exposure in Spain. Enferm Infecc Microbiol Clin 31:
32-35. doi:10.1016/j.eimc.2012.05.013. PubMed: 22795887.
8. van Pelt W, de Wit MA, Wannet WJ, Ligtvoet EJ, Widdowson MA et al.
(2003) Laboratory surveillance of bacterial gastroenteric pathogens in
Campylobacter & Salmonella in Turtles
PLOS ONE | www.plosone.org 4 August 2013 | Volume 8 | Issue 8 | e72350
The Netherlands, 1991-2001. Epidemiol Infect 130: 431-441. PubMed:
12825727.
9. Havelaar AH, Haagsma JA, Mangen MJ, Kemmeren JM, Verhoef LPB
et al. (2012) Disease burden of foodborne pathogens in the
Netherlands, 2009. Int J Food Microbiol 156: 231-238. doi:10.1016/
j.ijfoodmicro.2012.03.029. PubMed: 22541392.
10. Doorduyn Y, Van Pelt W, Siezen CL, Van Der Horst F, Van Duynhoven
YT et al. (2008) Novel insight in the association between salmonellosis
or campylobacteriosis and chronic illness, and the role of host genetics
in susceptibility to these diseases. Epidemiol Infect 136: 1225-1234.
PubMed: 18062835.
11. Haagsma JA, Siersema PD, De Wit NJ, Havelaar AH (2010) Disease
burden of post-infectious irritable bowel syndrome in The Netherlands.
Epidemiol Infect 138: 1650-1656. doi:10.1017/S0950268810000531.
PubMed: 20223049.
12. Thompson SA, Blaser MJ (2000) Pathogenesis of Campylobacter fetus
infections. In: I NachamkinMJ Blaser. Campylobacter, 2nd Edn.
Washington, D.C.: American Society for Microbiology. pp. 321–347.
13. Allos BM, Blaser MJ (1995) Campylobacter jejuni and the expanding
spectrum of related infections. Clin Infect Dis 20: 1092-1099. doi:
10.1093/clinids/20.5.1092. PubMed: 7619982.
14. Friedman CR, Hoekstra RM, Samuel M, Marcus R, Bender J et al.
(2004) Risk factors for sporadic Campylobacter infection in the United
States: A case-control study in FoodNet sites. Clin Infect Dis 38: S285-
S296. doi:10.1086/381598. PubMed: 15095201.
15. Studahl A, Andersson Y (2000) Risk factors for indigenous
Campylobacter infection: a Swedish case-control study. Epidemiol
Infect 125: 269-275. doi:10.1017/S0950268899004562. PubMed:
11117949.
16. Neimann J, Engberg J, Mølbak K, Wegener HC (2003) A case-control
study of risk factors for sporadic Campylobacter infections in Denmark.
Epidemiol Infect 130: 353-366. PubMed: 12825719.
17. Doorduyn Y, Van Den Brandhof WE, Van Duynhoven YT, Breukink BJ,
Wagenaar JA et al. (2010) Risk factors for indigenous Campylobacter
jejuni and Campylobacter coli infections in The Netherlands: a case-
control study. Epidemiol Infect 138: 1391-1404. doi:10.1017/
S095026881000052X. PubMed: 20223048.
18. CDC (1995) Centers for Disease Control and Prevention. Reptile-
associated salmonellosis – Selected States, 1994-1995. MMWR Morb
Mortal Wkly Rep 44: 347-350. PubMed: 7715594.
19. CDC (1999) Centers for Disease Control and Prevention. Reptile-
associated salmonellosis – Selected States, 1996-1998. MMWR Morb
Mortal Wkly Rep 48: 1009-1013. PubMed: 10577489.
20. CDC (2003) Centers for Disease Control and Prevention. Reptile-
associated salmonellosis – Selected States, 1998–2002. MMWR Morb
Mortal Wkly Rep 52: 1206-1209. PubMed: 14668712.
21. Andreacchio A, Miller F (2000) Salmonella osteomyelitis transmitted
from an iguana. Orthopedics 23: 1201-1202. PubMed: 11103967.
22. Cyriac J, Wozniak ER (2000) Infantile Salmonella meningitis associated
with gecko-keeping. Commun Dis Public Health 3: 66-67. PubMed:
10743325.
23. Schröter M, Roggentin P, Hofmann J, Speicher A, Laufs R et al. (2004)
Pet snakes as a reservoir for Salmonella enterica subsp. diarizonae
(Serogroup IIIb): a prospective study. Appl Environ Microbiol 70:
613-615. doi:10.1128/AEM.70.1.613-615.2004. PubMed: 14711697.
24. Hernández E, Rodriguez JL, Herrera-León S, García I, de Castro V et
al. (2012) Salmonella Paratyphi B var Java infections associated with
exposure to turtles in Bizkaia, Spain, September 2010 to October 2011.
Euro Surveill 17.
25. Van Meervenne E, Botteldoorn N, Lokietek S, Vatlet M, Cupa A et al.
(2009) Turtle-associated Salmonella septicaemia and meningitis in a 2-
month-old baby. J Med Microbiol 58: 1379-1381. doi:10.1099/jmm.
0.012146-0. PubMed: 19528160.
26. Hersey EF, Mason DJ (1963)Salmonella hartford 10. Communicable
Disease CenterSalmonella Surveillance Report Atlanta, GA, US: Public
Health Service. pp. 22-24.
27. Williams LP, Helsdon HL (1965) Pet Turtles as a Cause of Human
Salmonellosis. JAMA 192: 347-351. doi:10.1001/jama.
1965.03080180005001. PubMed: 14282499.
28. Feeley JC, Treger MD (1969) Penetration of turtle eggs by Salmonella
braenderup. Public Health Rep 84: 156-158. doi:10.2307/4593527.
PubMed: 4980163.
29. Mermin J, Hoar B, Angulo FJ (1997) Iguanas and Salmonella marina
infection in children: a reflection of the increasing incidence of reptile-
associated salmonellosis in the United States. Pediatrics 99: 399-402.
doi:10.1542/peds.99.3.399. PubMed: 9041295.
30. Woodward DL, Khakhria R, Johnson WM (1997) Human salmonellosis
associated with exotic pets. J Clin Microbiol 35: 2786-2790. PubMed:
9350734.
31. Lynch M, Daly M, O’Brien B, Morrison F, Cryan B et al. (1999)
Salmonella tel-el-kebir and terrapins. J Infect 38: 182-184. .
32. Torfoss D, Abrahamsen TG (2000) Salmonella infection from turtles.
Tidsskr nor Laegeforen 120: 3670-3671. PubMed: 11215934.
33. Rodgers GL, Long SS, Smergel E, Dampier C (2002) Salmonella
infection associated with a pet lizard in siblings with sickle cell anemia:
an avoidable risk. J Pediatr Hematol/Oncol 24: 75-76. doi:
10.1097/00043426-200201000-00020. PubMed: 11902748.
34. CDC (2005) Centers for Disease Control and Prevention. Salmonellosis
associated with pet turtles – Wisconsin and Wyoming, 2004. MMWR
Morb Mortal Wkly Rep 54: 223-226. PubMed: 15758895.
35. CDC (2007) Centers for Disease Control and Prevention. Turtle-
associated Salmonellosis in humans – United States, 2006-2007.
MMWR Morb Mortal Wkly Rep 56: 649-652. PubMed: 17615521.
36. CDC (2008) Centers for Disease Control and Prevention. Multistate
outbreak of human Salmonella infections associated with exposure to
turtles: United States, 2007-2008. MMWR Morb Mortal Wkly Rep 57:
69-72. PubMed: 18219268.
37. CDC (2010) Centers for Disease Control and Prevention. Multistate
outbreak of human Salmonella typhimurium infections associated with
pet turtle exposure – United States, 2008. MMWR Morb Mortal Wkly
Rep 59: 191-196. PubMed: 20186118.
38. Tu ZC, Zeitlin G, Gagner JP, Keo T, Hanna BA et al. (2004)
Campylobacter fetus of reptile origin as a human pathogen. J Clin
Microbiol 42: 4405-4407. doi:10.1128/JCM.42.9.4405-4407.2004.
PubMed: 15365057.
39. Hidalgo-Vila J, Díaz-Paniagua C, Pérez-Santigosa N, de Frutos-
Escobar C, Herrero-Herrero A (2008) Salmonella in free-living exotic
and native turtles and in pet exotic turtles from SW Spain. Res Vet Sci
85: 449-452. doi:10.1016/j.rvsc.2008.01.011. PubMed: 18334260.
40. Harris JR, Neil KP, Behravesh CB, Sotir MJ, Angulo FJ (2010) Recent
Multistate Outbreaks of Human Salmonella Infections Acquired from
Turtles: A Continuing Public Health Challenge. Clin Infect Dis 50:
554-559. doi:10.1086/649932. PubMed: 20085463.
41. Geue L, Löschner U (2002) Salmonella enterica in reptiles of German
and Austrian origin. Vet Microbiol 84: 79-91. doi:10.1016/
S0378-1135(01)00437-0. PubMed: 11731161.
42. Sánchez-Jiménez MM, Rincón-Ruiz PA, Duque S, Giraldo MA,
Ramírez-Monroy DM et al. (2011) Salmonella enterica in semi-aquatic
turtles in Colombia. J Infect Dev Ctries 5: 361-364. PubMed: 21628812.
43. Mitchell JC, McAvoy BV (1990) Enteric bacteria in natural populations
of freshwater turtles in Virginia. Va J Sci 41: 233–242.
44. Brenner D, Lewbart G, Stebbins M, Herman DW (2002) Health survey
of wild and captive bog turtles (Clemmys muhlenbergii) in North
Carolina and Virginia. J Zoo Wildl Med 33: 311-316. PubMed:
12564526.
45. Richards JM, Brown JD, Kelly TR, Fountain Al, Sleeman JM (2004)
Absence of detectable Salmonella cloacal shedding in free-living
reptiles on admission to the wildlife center of Virginia. J Zoo Wild Med
35: 562-563. doi:10.1638/03-070. PubMed: 15732603.
46. Hidalgo-Vila J, Díaz-Paniagua C, de Frutos-Escobar C, Jiménez-
Martínez C, Pérez-Santigosa N (2007) Salmonella in free living
terrestrial and aquatic turtles. Vet Microbiol 119: 311-315. doi:10.1016/
j.vetmic.2006.08.012. PubMed: 16979850.
47. Readel AM, Phillips CA, Goldberg TL (2008) Absence of Cloacal
Shedding of Salmonella in wild red-eared sliders (Trachemys scripta
elegans). Herpetol Rev 39: 427-430.
48. Allos BM (2001) Campylobacter jejuni infections: update on emerging
issues and trends. Clin Infect Dis 32: 1201-1206. doi:10.1086/319760.
PubMed: 11283810.
49. Wang SC, Chang LY, Hsueh PR, Lu CY, Lee PI et al. (2008)
Campylobacter enteritis in children in northern Taiwan: a 7-year
experience. J Microbiol Immunol Infect 41: 408-413. PubMed:
19122923.
50. Briones V, Téllez S, Goyache J, Ballesteros C, Lanzarot MP et al.
(2004) Salmonella diversity associated with wild reptiles and
amphibians in Spain. Environ Microbiol 6: 868-871. doi:10.1111/j.
1462-2920.2004.00631.x. PubMed: 15250889.
51. Man SM (2011) The clinical importance of emerging Campylobacter
species. Nat Rev Gastroenterol Hepatol 8: 669-685. doi:10.1038/
nrgastro.2011.191. PubMed: 22025030.
52. Harvey S, Greenwood JR (1985) Isolation of Campylobacter fetus from
a pet turtle. J Clin Microbiol 21: 260-261. PubMed: 3972996.
53. Carrique-Mas JJ, Davies RH, Carrique-Mas J, Davies RH (2008)
Bacteriological detection of Salmonella enteritidis in eggs: a review.
Rev Sci Tech 27: 657-664. PubMed: 19284035.
54. Ugarte-Ruiz M, Gómez-Barrero S, Porrero MC, Alvarez J, García M et
al. (2012) Evaluation of four protocols for the detection and isolation of
thermophilic Campylobacter from different matrices. J Appl Microbiol
Campylobacter & Salmonella in Turtles
PLOS ONE | www.plosone.org 5 August 2013 | Volume 8 | Issue 8 | e72350
113: 200-208. doi:10.1111/j.1365-2672.2012.05323.x. PubMed:
22533742.
55. Jeffrey JS, Tonooka KH, Lozanot J (2001) Prevalence of
Campylobacter spp. from Skin, Crop, and Intestine of Commercial
Broiler Chicken Carcasses at Processing. Poult Sci 80: 1390-1392.
PubMed: 11558928.
56. Perko-Mäkelä P, Isohanni P, Katzav M, Lund M, Hänninen ML et al.
(2009) A longitudinal study of Campylobacter distribution in a turkey
production chain. Acta Vet Scand 51: 18. doi:
10.1186/1751-0147-51-18. PubMed: 19348687.
57. Harwood VJ, Butler J, Parrish D, Wagner V (1999) Isolation of fecal
coliform bacteria from the diamondback terrapin (Malaclemys terrapin
centrata). Appl Environ Microbiol 65: 865-867. PubMed: 9925633.
58. Saelinger CA, Lewbart GA, Christian LS, Lemons CL (2006)
Prevalence of Salmonella spp in cloacal, fecal, and gastrointestinal
mucosal samples from wild North American turtles. J Am Vet Med
Assoc 229: 266-268. doi:10.2460/javma.229.2.266. PubMed:
16842051.
59. Readel AM, Phillips CA, Goldberg TL (2010) Prevalence of Salmonella
in Intestinal Mucosal Samples from Free-ranging Red-Eared Sliders
(Trachemys scripta elegans) in Illinois. Herpetol Conserv Biol 5:
207-213.
60. Chambers DL, Hulse AC (2006) Salmonella Serovars in the
Herpetofauna of Indiana County, Pennsylvania. Appl Environ Microbiol
72: 3771-3773. doi:10.1128/AEM.72.5.3771-3773.2006. PubMed:
16672533.
61. Gaertner JP, Hahn D, Jackson J, Forstner MRJ, Rose FL (2008)
Detection of Salmonella in Captive and Free-Ranging Turtles Using
Enrichment Culture and Polymerase Chain Reaction. J Herpetol 42:
223-231. doi:10.1670/07-1731.1.
62. DuPonte MW, Nakamura RM, Chang EM (1978) Activation of latent
Salmonella and Arizona organisms by dehydration of red-eared turtles,
Pseudemys scripta-elegans. Am J Vet Res 39: 529-530. PubMed:
637401.
63. Wybo I, Potters D, Plaskie K, Covens L, Collard JM et al. (2004)
Salmonella enterica subspecies houtenae serovar. p. 44:z4, z23:--as a
rare cause of meningitis. Acta Clin Belg 59: 232-4
64. Magnino S, Colin P, Dei-Cas E, Madsen M, McLauchlin J et al. (2009)
Biological risks associated with consumption of reptile products. Int J
Food Microbiol 134: 163-175. doi:10.1016/j.ijfoodmicro.2009.07.001.
PubMed: 19679367.
65. Xia X, Zhao S, Smith A, McEvoy J, Meng J et al. (2009)
Characterization of Salmonella isolates from retail foods based on
serotyping, pulse field gel electrophoresis, antibiotic resistance and
other phenotypic properties. Int J Food Microbiol 129: 93–98. doi:
10.1016/j.ijfoodmicro.2008.11.007. PubMed: 19068272.
66. Franco A, Hendriksen RS, Lorenzetti S, Onorati R, Gentile G et al.
(2011) Characterization of Salmonella occurring at high prevalence in a
population of the land iguana Conolophus subcristatus in Galápagos
Islands, Ecuador. PLOS ONE 6: e23147. doi:10.1371/journal.pone.
0023147. PubMed: 21853080.
67. Scheelings TF, Lightfoot D, Holz P et al. (2011) Prevalence of
Salmonella in Australian reptiles. J Wildl Dis 47: 1-11. PubMed:
21269991.
68. López B, Rivas P, Toro C, Trevisi P, Baquero M (2012) First case of
Salmonella salamae infection associated with consumption of reptile
meat in humans. 22nd European Congress of Clinical Microbiology and
Infectious Diseases, London, United Kingdom. p. 1578.
69. Pasmans F, Blahak S, Martel A, Pantchev N (2007) Introducing reptiles
into a captive collection: the role of the veterinarian. Vet J 175: 53-68.
PubMed: 17346998.
70. Strohl P, Tilly B, Frémy S, Brisabois A, Guérin-Faublée V (2004)
Prevalence of Salmonella shedding in faeces by captive chelonians.
Vet Rec 154: 56-58. doi:10.1136/vr.154.2.56. PubMed: 14758834.
Campylobacter & Salmonella in Turtles
PLOS ONE | www.plosone.org 6 August 2013 | Volume 8 | Issue 8 | e72350
